In recent years, development of land for urban housing, more intensive agriculture and for tourism has contributed to the significant loss of natural habitat in the South Pacific. Much of this land conversion is associated with a degradation of local streams and rivers, and changes in riparian land use subsequently have a marked influence on the invertebrate communities occupying the associated water courses (Haynes, 1994) . Chemical pollution, discharged waste, runoff from agricultural land, mining activities, and increased sediment sluicing caused by deforestation have all been demonstrated to detrimentally affect the abundance and species diversity of freshwater invertebrates (Haynes, 1999; Dudgeon, 2000) .
Rapid Bioassessment Protocols (RBPs) can be used to indicate the ecological 'health' of aquatic systems using low-cost techniques that allow widespread, long-term, routine monitoring and allow direct comparison of sites, time periods and studies (Buss and Vitorino, 2010) . A number of recent investigations have examined the use of freshwater invertebrates as bioindicators of stream health in various developing countries (Raburu et al., 2009; Arimoro and Muller, 2010; Korte et al., 2010) , as well as a number of island nations in the South Pacific (Brasher, 2003; Baillie et al., 2005; Wade et al., 2008) . One order of aquatic insects often affected by water contamination is the Ephemeroptera or mayflies. The aquatic nymphs of these insects constitute the major portion of their life cycle and they are highly responsive to qualitative changes in their environment. Because of their sensitivity to chemical pollution and low dissolved oxygen levels mayflies are often used as bioindicators of the quality of fresh-water aquatic systems such as lakes, rivers and streams (Buss and Salles, 2007; Brinkman and Johnston, 2008; Arimoro et al., 2010) .
Freshwater arthropods (including Ephemeroptera) in Fiji have been the subject of some previous research (Flower, 1990; Haynes, 1994; 1999) but, in general, the ecology, distribution and behaviour of the insects occupying Fijian freshwater systems are still poorly understood.
The aims of this investigation were to (a) compare the abundances of nymphs of the two main families of Fijian mayflies -Baetidae and Caenidae -in streams passing through urban and rural habitats near the capital city, Suva, and (b) try to correlate any differences in mayfly abundance with various physico-chemical properties of the streams. The findings of this research provide a preliminary assessment of whether these families of insects might have potential as bioindicators of stream health in Fijian ecosystems.
Field work was performed in July 2010. Four streams were selected in the Suva area to represent rural streams flowing through an area of tropical lowland rainforest and urban streams running through residential and industrial areas. The two rural streams were Waisila Stream located within the Colo-I-Suva Forest Reserve approximately 6 km from Suva and the Savura water catchment within the forested area of the upper Wailoku River. The two urban streams were the Nabua stream where it runs through an army barracks and the Nabukalou creek running directly through Suva city centre.
Mayfly nymphs were sampled from riffles in each stream by lifting ten rocks and vigorously brushing the surface of each with a soft brush while a fine-mesh net was held down stream. All mayfly nymph specimens were preserved in 80% ethanol until being examined under a dissecting microscope and identified to family level according to Dean and Suter (1996) . Five samples of nymphs were collected from five replicate sites in each stream (approximately 10m of stream length) on each stream. The samples collected within each site were then pooled.
At each site conductivity, pH, dissolved oxygen and water temperature were recorded using a hand held multiprobe meter [Model No: YSI556: YSI Incorporated, Ohio, USA]. Average flow rate was measured by timing a float travelling between two points and water clarity was measured using a Secchi disc. Stream width and depth at the sampling point were also measured.
Data for mayfly abundance and environmental parameters were compared by one-way ANOVA using Minitab (Minitab Inc., Philadelphia, USA; Release 11.1), with a posterior pairwise comparisons performed by a Tukey test.
In total, 470 individual mayfly nymphs were collected, consisting of 435 Baetidae and only 35 Caenidae ( Figure  1 ). Primarily because of low overall abundance (and prevalence of zeros in the data) there was no significant difference in the abundance of Caenidae among the four sampling sites (Figure 1 ; F 3,16 = 1.3; P > 0.3). However Baetidae were significantly more numerous in the rural streams compared to the urban streams, (F 3,16 = 90.0; P < 0.0.001), with one rural site, Savura, recording over ten times the number of nymphs found in the urban Nabua stream (Figure 1) .
Overall, the rural and urban streams had very different profiles in terms of the physical and chemical properties that were measured (Table 1) . With the exception of 'stream depth', all of the environmental parameters differed significantly between the urban and rural sites ( Table 1 ). The streams in the rural areas where characterized by slightly higher pH, lower conductivity, lower temperatures, higher dissolved oxygen and greater (Table 1) . Also, the velocity of flow in the streams sampled in the rural areas was slightly lower than those sampled in the urban areas. There were a number of clear correlations (P<0.01) between the abundance of Baetidae and values of the environmental parameters: abundance of Baetidae was positively correlated with pH, dissolved oxygen and clarity of the water, but negatively correlated with conductivity, temperature, and velocity.
The results of this investigation are very clear: even within a small geographical area of Fiji, streams running through urban catchments have very different physicochemical characteristics from those running through rural areas, associated with a much lower abundance of nymphs belonging to the mayfly family Baetidae. Baetidae have been used as indicators of environmental degradation elsewhere (Brazilian river basin; Buss and Salles, 2007) and similar results have been found in New Zealand where mayfly nymphs were more abundant in streams flowing through native bush than in urban streams (Hall et al., 2001) .
There is a lack of published identification keys and ecological knowledge for the juvenile stages of freshwater insects in Fiji; a problem encountered by other workers attempting to work at species or even genus level when assessing stream health in tropical countries (Buss and Vitorino, 2010) . However the lack of taxonomic resolution appears not to be a major obstacle with regard to the use of mayflies as bioindicators. Beketov et al. (2009) found that the explanatory power at family level was not significantly lower than using species level identifications of freshwater invertebrates when assessing the effects of pesticides in streams. Similarly, Heino et al. (2003) recommended that an index based on higher taxon richness might be more meaningful than using a single indicator species for assessing the 'health' of fresh water systems. Buss and Vitorino (2010) reported that family and even order level identifications could still discriminate between pristine, slightly impaired and impaired sites in Brazil: order level was least discriminatory so they recommended the use of family level identifications as it gave similar discriminatory resolution as genus level.
Baetidae abundance and species richness respond positively to dissolved oxygen and are known to be very acid intolerant, so the positive correlation of abundance with water pH was to be expected (Tixier et al., 2009; Arimoro and Muller, 2010) . However, although our findings indicate that changes in various chemical and physical properties of streams are associated with lower mayfly abundance we have not empirically demonstrated any direct causation. Experimental approaches of assessing direct effects of stream properties on mayfly growth and survival might involve standard laboratory multiple dose assays or an extended eco-toxicological 'semi-field' approach where nymphs captured at one site are maintained in mesh-bag mesocosms at another stream (e.g. Pettigrove and Hoffman, 2005) . Future studies on the distributions of macroinvertebrate abundance and stream parameters in Fiji could be combined with laboratorybased toxicity tests in order to better understand the mechanisms behind any observed field associations (e.g. Brinkman and Johnston, 2008) .
